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Dear Sirs,
In 2007, the updated 4th report of the National High Blood
Pressure Education Program was published [1]( http://www.
nhlbi.nih.gov/health/prof/heart/hbp/hbp_ped.pdf). This re-
port represents an international standard for the evaluation,
diagnosis, and treatment of high blood pressure (BP) in the
pediatric population and is based on data collected from
63,227 non-obese US children. BP measurements can be
expressed as standard deviation scores (SDS) by subtracting
the child’s expected blood pressure, based on age and
height percentiles, from the measured blood pressure and
by dividing the resulting difference by one standard
deviation. To correct BP for the height z score, the authors
have used fourth-degree polynomial regression models [2],
also reported in appendix B of the report [1]. These models,
one for each gender and for both systolic and diastolic
blood pressures, are very useful to generate standardized
measurements. They are often used both in clinical practice
and in the context of clinical trials and constitute the basis
on which blood pressure tables have been generated [1, 2].
However, these models were developed on data from healthy
children with expected normal heights, while children with
grossly abnormal height z scores (< −6 and >6) were
excluded.
In this letter we would like to emphasize the need to
exercise caution when using these formulas in severely
growth retarded children (i.e., height z score below −3),
such as children with end-stage renal disease, of in whom
approximately 20% have height z scores below −3[ 3] and
who are at particularly high risk of hypertension.
A ss h o w ni nF i g .1, the relation between height z
score and the expected BP calculated according to the
published formula corrects appropriately BP when chil-
dren have a normal or near-normal height. However, the
fitting function displays an unexpected behavior for lower
height z score values. Obviously this is related to the use
of complex fitting functions on a normal population.
Computation of the predicted absolute BP in severely
growth retarded children (e.g., boys with a height z score
<−3.8 for systolic BP, for example) yields unexpectedly
high values, as illustrated in Fig. 1a. Figure 1b shows
similar distortions for the computed BP SDS in both
systolic and diastolic BP and in both genders. Hence, the
use of these formulas in very short patients leads to an
overestimation of reference values and consequently to
the under-diagnosis of hypertension. For example, a 6-
year-old boy with a height of 90 cm (height z score −4.9)
and a systolic BP of 106 mmHg is considered to be
normotensive (BP SDS 1.5). If the same child is more
growth retarded (85 cm, for example) blood pressure will
b ei n t e r p r e t e dt ob ee v e nc l o s e rt ot h ep r e d i c t e dm e a n
value (BP SDS 1.0). Conversely, if height is slightly
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hypertensive.
To correct for this problem two simple solutions can be
proposed:
(1) To correct BP data for height z score only between −3
and +3 scores. Below and above these values, no
further correction should be applied. This solution
may be more prudent as no reference data are
available for very short and very tall children.
(2) To use a simpler regression model. As stated by the
authors of the fourth report, [2] “blood pressure
levels appear to have an approximately linear
function of height z score for a given age-group”,
which is also illustrated in Fig. 1. The relation
between BP and height z scores could be recalcu-
lated using a linear or a quadratic line as shown in
Fig. 1a.
Inconclusion,therecentlypublishedformulaforBPvalues
correctionforpatients’heightz score is inappropriate for very
short children. A revision is needed for their use in this
particular population of children, both in the clinical setting
and for research purposes.
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Fig. 1 a Relationship between height z score and its effect on the
expected systolic blood pressure for boys. b Relationship between
height z score and the blood pressure z scores for both genders and
systolic and diastolic blood pressure. All used the fourth-degree
polynomial function as currently used for blood pressure standardiza-
tion. When studying extremely low height z scores, the polynomials
suggest higher expected blood pressures instead of lower ones,
resulting in lower blood pressure z scores and therefore under-
diagnosing the presence of hypertension. For comparison, dashed
lines representing a linear (2.46*height z score) and a quadratic
(−1.358*height z score
2+2.46*height z score) function are also shown
in a, as well as the effects of having cut-offs at −3 and +3 height z
scores in b
820 Pediatr Nephrol (2011) 26:819–820